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FOREWWCORD

This standard establishes the basic systemsafety criteria
for pressurized systens used on Mssiles and Space
System Aer ospace Vehicle E%U|annt (AVE1 and its related G.ound
Support Equi pnent (GSE). tis applicable to all AVE and GSE
whi ch contain pressurized systens, subsystens or conponents.

All criteria listed herein are nandato&y ?FSI?H crlterl? when
this standard is placed on contract. ach criterion wll be
reviewed for specific applicability to the projected n?m/design,
and when s¥stens are approved for nodification. Specific
approval of the procuring activity is required prior to the
exclusion, nodification or revision of any criterion listed in
this standard duriqgsthe generation of design specifications for
items of AVE and E .o contain pressurized systens,

subsystens or conponents thereof.
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SECTION 1
SCOPE

1.1  PURPCSE - This standard establishes requirenments for the
designand test of all pressurized systens for mssiles, space
vehi cl es and ground support equipnent. These requirements, when
| npl emented on a particular pressurized system wl| assurea

hi gh | evel of confidence in achieving safe operation and m ssion
success.

1.2 APPLICATION - Al the requirements listed herein are
mandatory requirenments when this standard is placed on
contract.” Specific approval of the procuring activity is
required prior to the exclusion, nodification or revision of any
requirement listed in this standard when design specifications
are generated for pressurized systens, subsystens and

components.  \When the systemis intended for use on a |aunch

test range, specific approval for exclusion of any requirenent
must be obtained by the procurrinﬁ activity and the appropriate
| aunch or test range approval authority.
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SECTI ON 2

REFERENCED DOCUMENTS

2.1 | SSUES OF DOCUMENTS - The foll owi ng documents of the

issue in effect on the dafe of invitation for bids or request
for I@'oposal, forma part of this standard to the extent

specified herein.

SPECI FI CATI ONS
M LI TARY

M L- E- 6051

M L-S-8512

STANDARDS
M LI TARY

M L- STD- 1540
MIL-STD-1472

HANDBOOKS
MILITARY

M L- HDBK- 5

M L- HDBK- 17
PUBLICATIOINS
FEDERAL

Title 49

Code of Federal
Regul ati on

El ectromagnetic Compatibility
Requi renments Systens

Support Equi pment, Aeronautical,
Speci al, General Specification for the
Desi gn of

Test Requirements for Space Vehicles

Human Engineering Design Criteria for
MIlitary Systens, Equi pnent, and
Facilities

Metal lic Materials and El ements for
Aerospace Vehicle Structures

Plastic for Aerospace Vehicles Part 1
Rei nforced Plastics

Transportation DOT (Department of Trans-
portation) CFR
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OTHER
AFM.- TR-68- 115 Aerospace Structural Metals Handbook
MCI C- HB- 01 Damage Tol erant Design Handbook, Air

Force Materials Laboratory, Air Force
Flight Dynam cs Laboratory

(Copies of specifications, standards, draw ngs, and publications
required by contractors in connection wth specific procurenent
functions should be obtained fromthe procuring activity or as
directed by the contracting officer.)

2.2  Oher Publications. The follow ng documents form a part
of this sTandard to the extent specified he¢sein. Unless _
otherwise indicated, the issue in effect on date of invitation
for bids or request for proposal shall apply.

PUBLICATIONS
Codes

ASME Boiler and Pressure Vessel Codes, Section VIII,
Division 1 and 2

ASME Boi | er and Pressure Vessel Code, Section X

(Applications for copies should be addressed to ASME
Drder Department P. O Box 3199, Grand Central
Station, New York flew York, 10163.)

The Standards of the Hydraulic Institute
(Applications for copies should be addressed to

Hydraulic Institute, 712 Lakewood Center N, 14600
Detroit Ave., Ceveland, Chio 44107.)
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SECTION 3
DEFI NI TI ONS

Tne following definitions of significant terns are provided to
I nsure PfECISIOﬂ_Of meani ng and consi stency of usage. In the
event of a conflict, the definitions listed herein apply.

3.1 "A" BASI S ALLOMBLES - The "A" basis allowables of a
material are the mninum nechanical strength val ues guaranteed
b% the material producers/suppliers such that at Ieas% 99% of
the materi al theylproduce/su ly will neet or exceed the
specified properties wth a gg% confi dence |evel.

3.2 ACCEPTANCE TESTS - Acceptance tests are the required
formal tests conducted on hardware to ascertain that the
materials, manufacturing processes, and workmanshi p neet
specifications and that the hardware is acceptable for delivery.

3.3 APPLI ED LOAD (STRESS) - The actual applied [oad (stress)
on a structure 1s the Toad (stress) inposed on the structure in
the design environnent.

3.4 "B" BASIS ALLOMBLES - The "B" basis all owables of a

materi al” are nechanical strength values Specified by materia
produce;s/supply?ﬁs su?h t hat atdlﬁﬁft 90%_?f %he nate&yals ;??}
produce/supply W neet or excee e specifie roperties w

a 95% mﬁﬁli)ldience | evel . P Prop

3.5 BRI TTLE FRACTURE - Brittle fracture is a type of
catastrophic tailure 1n structural naterials that usually occurs
Wi thout prior plastic deformation and at extremely hi gh speed.
The fracture is usually characterized by a flat fracture surface
wth little or no shear lips (slant fracture surface) and at
average stress |evels below those of general vyielding.

3.6  BURST FACTOR - The burst factor is a multiplying factor
agleed To the maxi mum expected operating pressure (MEOP) to
obtain the design burst pressure. Burst factor is synonynous
with ultimte pressure factor.

3.7 COVPONENTS - Conponents for purposes of this standard,
are all“elements of a pressurized system

3.8 COVPOSI TE_MATERI AL - Conposites are conbinations of
material's differrng rn conposition or formon a macroscale. The
constituents retain their identities in the conposite. Normally
the constituents can be physically identified and there is an
interface between them
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3.9 CRI TI CAL CONDITION - The critical condition is the nost
severe environnmental condition in terns of |oads, pressures ar”
tenperatures, or conbination thereof inposed on structure,
systens, subsystens, and conponents during service life.

3.10 CRITICAL STRESS INTENSITY - The stress intensity at which
unst abl € fracture occurs.

3.11 CRI TI CAL FLAW = The critical flaw in a structura
material 1s a flTaw of sufficient size and shape that unstable
-growth wi || occur under the specific operating |oad and

envi ronment .

3.12 DAMAGE TOLERANCE =~ The danmge tol erance of a structure is
its ability to resist failure dueto the presence of flaws,
cracks, or other damage for a specified period of unrepaired
usage.

3.13  DESIGN BURST PRESSURE - The design burst gressure IS a
test pressure that pressurized conponents nust withstand without
rupture to denonstrate design adequacy in a qualification test.
It is equal to the product of the maxi num expected oPeratlng
pressure, burst factor, and a factor to account for the
difference in material properties between test and design

t enper at ures.

3.14  DESTABILIZING PRESSURE - Any pressure that produces
conpresSTVE SIresses in pressurized structure.

3.15 DETRI MENTAL DEFORMATION - Detrinmental deformations

i nclude—alT structural deformations, deflections, or

di spl acements that prevent any portion of the structure from .
performing its intended function, or that reduce the probability
of successful conpletion of the m ssion.

3.16 DUCTI LE FRACTURE - Ductile fracture is a type of failure
in structural matertals generally preceded by |arge amunts of
plastic deformation and in which the fracture surface is
Inclined to the direction of the applied stress.

3. 17 FACTOR OF SAFETY - The factor of safety of a structure is
the ratTo of the alTowable load to the Iimt [ oad.

3.18 FATI GUE - Fatigue is the progressive |ocalized pernanent
structural change that occurs in a material subjected to
repeated or fluctuating [oads at stresses having a naximum val ue
less than the ultimate tensile strength of the naterial.

Fati gue na¥ culmnate in cracks or fracture after a sufficient
nunber of Tluctuations.
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3.19  FITTINGS - Fittings are local elenents of a pressurized
system utilized to connect |ines, conponents and/or vessels
wthin the system
3.

20  FLAW- Aflaw is a local discontinuity in a structura
materi ak; such as a scratch, notch, crack or void.

3.21 FRACTURE CONTROL - Fracture control is a set of policies
and procedures rnvolving the aﬁpllcatlon of analysis and design
nmet hodol ogy, nanufacturin? technol ogy and operating procedures
to prevent structural failure due to the initiation of and/or
propagation of flaws or crack-like deflects during fabrication
testing, and service life.

3.22 FRACTURE MECHANICS - Fracture mechanics is an engineering
concept used to predict flawgrowh and fracture behavior of
materials and structures containing cracks or crack-like flaws.

3.23  FRACTURE TQUGHNESS (K1o) - Fracture toughness is a

mat eri al characteristic which reflects flaw tolerance and
resistance to fracture and is equal to the value of the stress
intensity factor at flaw instability. Fracture toughness is
dependant on the environment, geometry and |oading rate.

3.24 HAZARD - An existing or potential condition that can
result inaccident.

3.25 HYDROGEN EMBRI TTLEMENT - Hydrogen enbrittlement is a
mechani cal - environmental failure process that results fromthe
initial presence or absorption of excessive amounts of hydrogen
in metals, usually in compination with residual or applied
tensile stresses.

326 INITIAL FLAW- An initial flawis a flawin a structura
material before the application of load or environnent.

3.27 LEAK- BEFORE- BURST (LBB) - A fracture nechanics design
concept in which 1t 1s shown that any initial flaw wll grow
through the wall of a pressure vessel and cause |eakage rather
than burst (catastrophic failure).

3.28 LIMT LOAD - The |imt load is the maxi num anti ci pat ed

| oad, or conbination of |oads, which a structure may be expected
to experience during the performance of specified mssions in
speci fied environnents Since the actual -1oads that are
experienced in service are in part randomin nature, statistica
methods for predicting limt |oads are enployed wherever

appropri ate.

Super sedes Page 7 of 28 May 1984
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3.29 LINES - Lines are tubular elenents of a pressurized
system provi ded as a neans for transferring fluids between
ﬁonponents of the system Included in this definition are flex
0Ses.

3.30 LOAD SPECTRUM = The | oad spectrumon a structure is a
representation of the cunulative static and dynam c | oadi ngs
anticipated for the structure under all expected operating
envi ronment s.

3.31 MARG N OF SAFETY - The margin of safety of a structure is
the increnent ey whi ch the allowable | oad (or stress)exceeds
the applied load (or stress), for a specific design condition,

expressed as a fraction of the applied load (or stress).

3.32 MAXI MUM ALLOMBLE WORKI NG PRESSURE (MAWP) = The maxi mum
pressure at which a conponent can continuously operate based on
al l owabl e stress val ues and functional capabilities. MW iIs
synonynous W th MDOP (Maxi mum Design Cperating Pressure) or
"Rated Pressure".

3.33 MAXI MUM OPERATI NG PRESSI JRE (MOP) (ME)DP) - The maxi mum
pressure at which the system or cowmponent actuaily operates in a
particul ar application. MIP 1S . aonvmous sith MY (luiipum
Expected Qperating Pressure) or maxi mum working pressure. MOP
includes the effects of tenperature, transient peaks, vehicle
accel eration, and relief valve tolerance.

3.34 PRESSURE CYCLE - A pressure cycle i S a pressure i ncrease
greate thar the threshold pressure (PTy) followed bv a
pressure decrease greater than the Pty unless otherw se

speci fied.

3.35 PRESSURE VESSEL A pressure vessel is a conponent of a
pressurized systemdesigned primarily As a container that stores
pressurized fluids and:

(1) Contai ns stored energy of 14,240 foot-pounds (15,310
joules) or greater based on adiabatic expansion of a
perfect gas, Figure 1; Table |; or

(2) Contains a gas or liquid which will create a mishap
(accident) if released; or

(3) W1l experience a design limitpressurereater than 100
psi .
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TABLE |. Stored Energy in Pressure Vessel
PRESSURE ENERGY EQUI VALENT
VESSEL PER CUBI C FOOT OF
PRESSURE PRESSURE VESSEL
PSIA ft 1lbs
20 606
30 1991
40 3582
50 5313
60 7148
70 9066
80 11051
90 13093
100 15184
200 37849
300 : 62376
400 ; 87968
500 I 114286
600 | 141146
700 168433
800 ‘ 196070
900 224001
1000 l 252185
2000 ! 543111
3000 ! 1149784 843691
4000
5000 . 1459636
6000 1772296
7000 2087167
8000 2403851
9000 2722059
10000 3041575
20000 6283809
30000 9576045

NOTE:  To obtain the pressure vessel equivalent, nultiply the
?ne{gy equi val ent per cubic foot by the vessel volume In cubic
eet .

10
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3.36 PRESSURI ZED STRUCTURE - A pressurized structure is a
structure designed both to carry internal pressure and vehicle
structural [ oads. ¢

3.37 = PRESSURI ZED SYSTEM - A pressurized system as addressed
in thisTdocument, conprises the pressure veSsels or pressurized
structure, lines, fittings, valves, etc., that are exposed to
and designed by the pressure within these conponents. |t does
not include electrical control devices, etc., required to
operate the system

3.38  PROOF FACTOR - The proof factor is a nultiplying factor
applied to the Timt [oad or MEOP to obtain proof |oad or proof
pressure, for use in acceptance testing.

3.39 PROOF PRESSURE - The proof pressure is the test pressure
t hat pressurized conponents shall sustain wthout detrinental
deformation. The proof pressure is used to give evidence of
satisfactory workmanship and material quality, and/or establish
maxi mum initial flaw sizes. It is equal to the product of
maximum expected operating pressure, proof ?ressure_de5|gn_
factor, and a factor accounting for the difference in material
properties between test and design tenperature.

3.40 QUALI FI CATION_TESTS - Qualification tests are fornal
contractual denonstrations that the design, manufacturing, and
assenbly have resulted in hardware conforming to specification
requirements.

3.41  RESIDUAL STRESS =~ Residual stress is a stress which
remains In a detall part as a result of manufacturing
processing, testing and operation.

3.42 SAFE-LIFE - Safe-life of a structure is the period during
which the structure is predicted not to fail in the expected
operating environment.

3.43 SERVICE LIFE - The servicel ife of a component or space
vehicle Ts the tofal life expectancy of the item  The service
life starts with the manufacture of the structure and continues
t hrough al | accegtance testing, handling, storage,
transportation, launch operatﬁons, orbital operations,

refurbi shnent, retesting, reentry pr_recovery fromorbit, and
reuse that may be required or specified for the item

3.44  STABI LI ZI NG PRESSURE - Any pressure which produces
tensil e stresses 1n a pressurized structure is a stabilizing
pressure.

11
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3.45  STIFFNESS - The stiffness of a structure is fts
resistance to deflection under an applied | oad.

3.46 STRESS- CORROS|I ON__CRACKING - Stress-corrosion cracking is
a nechanrcal-environmental 1nduced failure process in which
sustained tensile stress and chem cal attack combine to initiate

and propagate a flaw in a netal part.

3.47  STRESS | NTENSITY FACTOR (KI') - The stress intensity _
factor TS a parameter that describes the elastic stress field in
the vicinity of a crack tip.

3.48  THRESHOLD PRESSURE (PTH) - Threshold pressure is a
pressure change great enough to induce a stress which affects

the flaw growth 1n a pressure vessel

3.49  THERMAL STRESS - Thermal stress is a structural stress
arising from temperature gradients and/or differential thermal
deformation in or between structural conponents, assenblies, or

syst ens.

3.50 THRESHOLD STRESS | NTENSITY FACTOR (Xtg) - The threshold
stress Tntensity ractor s the naxi num val ue of the stress
intensity factor bel ow which environnental |y induced
flawgrowth, wunder sustained static tensile stress, does not
occur for a given material in a specified environnment.

3.51 ULTI MATE LOAD - The ultinmate load is the product of tue
limt |oad and the ultimate factor of safetv. |t is the maxi num
| oad which the structure nust withstand w thout rupture or
col |l apse in the expected operating environments.

3.52 ULTI MATE FACTOR OF SAFETY - The ultinmate factor of safet
of structure 1s the ratio of the ultinmate load to the limt |oa

3.53 ULTI MATE PRESSURE - The ultimate pressure is the product

of the MEDP and the ultimte pressure factor. It is the maxinmum
?ressure whi ch the structures-nust withstand w thout rupture in

he expected operating environnent.

3.54  ULTI MATE PRESSURE FACTOR - The ultimate pressure factor
is a multrplyrng Tactor applied to the MEOP to obtain ultimate

pressure.

3.55 VERIFICATION/RE-CERTIFICATION TESTS -
Verificatfon/re-certification tests are tests conducted to
verifyl/recertify the integrity of structures after sone specific
period of operation or storage or after exposure to sone adverse

condi ti ons.

12
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SECTI ON 4
CENERAL REQUI REMENTS

This section presents general requirements for the analysis,
design and verification of pressure vessels and pressurized
structures. Included are requirenents on system anal ysis,
structural design, material selection, safe operating stress
| evel s, fracture control, quality assurance and other special
requirenents.

Pressure vessels and pressurized structures shall conmply with
the requirements specified in Section 4. Pressure vessels and
pressurized structures designed fabricated, inspected, and
tested in accordance with the ASME Boiler and Pressure Vesse
Code, Section VIIlI Divisions 1 or 2, Section X; or (for GSE
only) Title 49 Code of Federal Regulation shall conply with
system anal ysis requirenments (Section 4.1) only,

4.1 SYSTEM ANALYSI S REQUI REMENTS

. 4.1.1 System Analysis. Perform a detailed system
functional analySis to determne that the operation
interaction, or sequencing of conponents shall not |ead to
unsafe conditions which could cause personnel injury or major
damage to the vehicle, its booster, or associated ground
equi prent.  The anal ysis shall identify any single malfunction
or personnel error in operation of any conponent that wl|
create conditions |eading to an unacceptable risk to operating
personnel or equipnment. The analysis shall also evaluate any
secondary or subsequent occurrence, failure, or conponent
mal function which, initiated by a primary failure, could result
In personnel injury. Such itens identified by the analysis
shall be designated safety critical and wll Trequire the
foll owm ng consi derations.

a. Specific Design Action
b. Special Safety Operating Requirenments

C. Specific Hazard Identification and Proposed
Corrective Action

d. Special Safety Supervision

4.1.2 Systens analysis data. Systens analysis data wil:
show that:

a. The system provides the capability of maintaining al:
pressure |levels in a safe condition in the event of
interruption of any process or control sequence at
any time during teSt or countdown.

13
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b. Redundant pressure relief devices have nutually
i ndependent pressure escape routes.

c. In systenms where ﬁressure regul ator failure may
involve critical hazard to the crew or mssion
success, regulation is redundant and where passive

redundant systenms are specified includes automatic
sw t chover.

d. Wen the hazardous effects of safety critical
failures or malfunctions are prevented through the
use of redundant conponents or systens, it shall be
mandatory that all such redundant conponents or
systens are operational prior to the initiation of

irreversible portions of safety critical operations
or events.

4.2 GENERAL DESI GN REQUI REMENTS

4.2.1 Loads, Pressures and Environnents. The entire
anticipated |oad-pressure-tenperature historr and associ ated
environnments throughout the service |life shall be determned in
accordance with specified mssion requirements. As a m ninmum

the following factors and their 'statistical variations shall be
consi der ed:

a. The environmentally induced |oads and pressures.

b. The environments aCth%1simq1taneously W th these
| oads and pressures with their proper relationships.

c. The frequency of application of these |oads, _
pressures, environnments and their |evels and duration

These data shall be used to define the design spectra which
shall be used for both design analysis and testing. The design

Sgectra shal |l be revised as the structural design devel ops an
the | oads analysis natures.

4.2.2 Strength Requirenents. Al pressure vessels and
pressurized structures wthin the structural system shal
possess sufficient strength to withstand [inmt"[oads and
Internal pressures in the expected operating environnents
t hroughout their respective service |lives wthout experieancing
detrinmental deformation. They shall also withstand ultimate
| oads and internal pressures in the expected operating
environnents without experiencing rupture or coll apse.

14



Pressure vessels and pressurized structures shall be capable of
mﬂthstanding ultimte external loads and ultimate external
pressures (destabilizing) wthout collapse or rupture when
internally pressurized to the mninmum anticipated operating
pressure.

Al'l pressure vessels and pressurized structures shall sustain
proof pressure wthout incurring gross yielding or detrinental
deformation and shall sustain de6§ n burst pressure wthout
rupture. = \Wen proof tests are conducted at tenperatures other
than design tenperatures, the change in material properties at
t he Proof tenperature shall be accounted for in determ ning
proof pressure.

Pressurized structures subject to instability nodes of failure
shall not collapse under ultinmate |oads nor degrade the
functioning of any system due to elastic buckling deformation
under limt loads. Evaluation of buckling strength shal
consider the conbined action of primary and secondary stresses
and their effects on general instability, |ocal or pane
instability, and crippling. Design loads for buckling shall be
ultimate | oads, except that any |oad conponent that tend6 to
al l eviate buckling shall not be increased by the ultimte design
factor. Destabilizing pressures shall be increased by the
ultimate design factor, but internal stabilizing pressures shal
not be increased unless they reduce structural capability.

The margin of safety shall be positive and shall be determ ned
ag analysis or test at design ultinmate and design limt |evels,

eg_ﬁpproprlate, at the tenperatures expected for all critica
condi tions.

4,.2.3 Stiffness Requirenents. Pressure vessels and
pressurized structures shall poSSess adequate Stiffness to
preclude detrinental deformation at |limt |oads and pressures in
the expected operating environnents throughout their respective
service lives. The sfiffness properties of pressure vessels and
pressurized structures shall be such as to prevent all
detrinental instabilities of coupled vibration nodes, mnimze
detrimental effects of the |oad6 and dynam cs response which are
associated with structural flexibility, and mnimze adverse
interaction with other vehicle systens.

~ 4.2.4 Thermal Requirenents. Thernmal effects, including
heating rates, Tenperatures, thernmal stresses and defornmations,
and changes in the physical and mechanical properties of the
materials of construction shall be considered In the design of
al | Fressure vessel s and pressurized structures. These effects
shal | be based on tenperature extrenes which simulate those
predicted for the oBFratlng environment plus a design margin as
specified in M L-STD 1540.

15
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4.2.5 Stress Analysis Requirements. A detailed and
conprehensive stress analysis of each pressure vessel and
pressurized structure sha{l be conducted under the assumption of
no crack-like flaws in the structure. The analysis shaﬁg
determ ne stresses resulting fromthe conbined effects of
internal pressure, ground or flight |oads, tenperature and
thermal gradients. “Both prinary nmenbrane stresses and secondary
bendi ng stresses resulting frominternal pressure shall be
cal cul ated to account for the effects of design discontinuities,
desi gn configuration and structural support attachnents.

Loads shall be conbined by using the appropriate limt or
ultimate safety factors on the individual |oads and conparing
the results to material and/or geonetric capabilities. Safety
factors on internal pressures shall be as deteramined in Section
5.0. Safety factors on external (support) loads shall be as
assigned to primary structure supporting the pressurized system

( assical solutions are acceptable if the design geonetries and
loading conditions are sufficiently sinple and the results are
suffic ntly accurate to warrant their application. Finite
element or finite difference structural analysis techniques
shal | be usedto calculate the stresses, strains and

di spl acements for conpl ex design geonetries and | oadi ng
conditions. Local structural nodels shall be constructed, as
necessary, to augnent the overall structural nodel in areas ¢”
rapidly varying stresses.

M nimum material gage as specified in the design draw ngs shal

be used in calculating stresses. The allowable materia
strengths shall reflect the effects of tenperature, thermal
cyclln% and gradients, processing variables, and tine associated
w th the design environnents.

M ni mum mar gi ns of safety associated with the parent materials,
wel dments and heat-affected zones shall be cal cul ated and
tabulated for all pressure vessels and pressurized structures
along with their locations and stress levels. The nmargins of
safety shall be positive against the strength and stiffness
requi rements of Section 4. 2.2 and 4.2.3, respectively.

Records of the stress analysis shall be nmintained. The
analysis shall include the input paraneters, data, assumptions,
rational es, methods, references, and a sumary of significant
analysis results, and safe-life analysis. The analysis shall be
revised and updated to naintain currency for the life of the
program

16
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4.2.6 Mlfunction. Pressure vessels and pressurized
structures are not. required to wthstand |oads, pressures, or
environments due to malfunctions that could create conditions
outsi de the nmaxi mum expected m ssion requirenments.

4.2.7 Mscellaneous Requirenents. The structural design
of all pressure vesselrs and pressurized structures shall employ
proven processes and procedures for manufacture and repair.' The
desi gn shall enphasi ze the need for access, inspection, service,
repl acement, repair and refurbishnent. For all reusable
pressure vessels and reusabl e pressurized structures, the
structural design shall permt these structures to be maintained
in and refurbished to a flightworthy condition. Repaired and
¥?furb|shed structure6 shall meet all stipulated condition6 of

I ght wor t hi ness.

4.3 MATERI ALS REQUI REMENTS

4.3.1 Material Selection. Material6 shall be selected
on the basis of proven environmental conpatibility, naterial
strengths, fracture properties, and service life consistent with
the overall programrequirenments. Material "A" allowabl e val ues
shal | be used for pressure vessels, and pressurized structures
where failure of a single |oad path would result in |oss of
structural |nte?r|ty. For redundant pressurized structures in
which failure of a structural element would result in a safe
redistribution of applied |oads to other |oad-carrying nenmbers,
material "B" all owables may be used. The fracture toughness

shall be as high as practi'cable within the context of Structural
efficiency and danage tol erance.

For pressurized systenms to be analyzed with |inear elastic

fracture mechanics, fracture properties shall be accounted for
in material selection. These properties include fracture
toughness; threshold values of stress intensity under sustained
| oadi ng; subcritical fIaMF?romnh characteristic6é under sustained
and cyclic loadings; the effects of fabrication and joining
processes; the effects of cleaning a?ents, dye penetrants,
coatings and proof-test fluids; and the effects of tenperature,

| oad spectra, and other environnmental conditions.

Materials which exhibit a low threshold stress intensity val ue,
<1tH, in the expected operating environnments shall not be used
in Fressure vessel s and pressurized structures unless adequate
rotection from the operating environments can be denonstrated
y tests. If the material has a threshold stress intensity
factor, Kruy, of less than 60% of the critical stress intensit
factor, Kie, under the conditions of its application, it sha
be mandatory to show, by a "worst case" fracture nechanics
analysis that the low allowable threshold stress intensity
factor will not precipitate premature structural failure.
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4.3.2 Naterial Evaluation. The naterials selected f -
desi gn shall be evaluated wth respect to naterial processii
fabricatlon met hods, manufacturing operations, refurbishment
procedures and processes, and other pertinent factors which
affect the resulting strength and fracture properties of the
material in the fabricated as well as the refurbished
configurations. (Reference Section 4.5)

The evaluation shall ascertain that the mechanical properties,
stren%ths and fracture properties used in design and anal yses
will be realized in the actual hardware and that these
properties are conpatible with the fluid contents and the
expected operating environnents. Materials which are
susceptible to stress-corrosion cracking or hydrogen
embrittlement shall be evaluated by performng sustained
thr%sqﬁld-stress-lntenS|ty tests when applicable data are not
avai | abl e.

4.3.3 Material Characterization. The allowable
mechani cal properties, sitrengih and iracture properties of al
materials selected for pressure vessels and pressurized _
structures shall be characterized in sufficient detail to permt
reliable and high confidence predictions of their structural
performance in the eXgected operating environments unless these
R{opertles are available fromreliabl'e sources such as

L- HDBK-5, M L-HDBK-17, ASTM Standards, AFM./AFFDL Danmage
Tol erant Design Handbook, MIL Speci fications, Aerospace
Structural Metals Handbook, and other sources approved by the
procur|n? a%Fn%y. Where material properties are not avail able,
they shall Dbe determned by test nethods approved by the
procuring agency. As a mninum the characterization shal
produce the followirg strength and fracture properties for the
parent m=tals, wel dnents and heat-affected zones as a function
of the fluid contents, |oading spectra, and the expected
operating environnents, including proof-test environments:

a. Uniaxial tensile yield stress, oyg, and ultimte
stress, oy;

b. Fracture toughness Ki. and Kyy;

and, for rressurized systens to be analyzed wth
[inear elastic fracture nechanics:

c. Sustained-stress flawgrowh data, da/dt vs AK;

d. Cyf!'c-spress fl aw-growth data, da/dn vs AK and | oad

|
ratio, R and,
e Enpirical constants associated with the chosen
flaw growt h nodels.
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Uni form test procedures shall be enployed for determ ning
material fracture properties as required. These procedures
shall conform to recognized standards, such as test
specifications of the Anmerican Society for Testing and
Materials, and the Society of Autonotive Engineers. The test
speci nens and procedures utilized shall provide valid test .ata
for the intended application.

Enough tests shall be conducted so that meaningful nom nal
values of fracture toughness and flawgrowh rate data
corresPondlng to each alloy system tenper, product form
thermal and chem cal environnents and |oading spectra can be
established to evaluate conpliance with servicelife
requirenents of Section 4.4. Test plans and results shall be
approved by the procuring agency.

4.4 SAFE- LI FE REQUI REMENTS

The safe-life shall be determ ned by analys* , test, or both and
shal | be at least four times the specified service life for
those pressure vessels and pressurized structures which are not
accessible for periodic inspection and repair.

For those pressure vessels and pressurized structures which are
readily accessible for periodic inspection and repair, the
safe-1ife, as determned by analysis and test, shall be at |east
four times the interval bétween schedul ed re-certification.

Al pressure vessels and pressurized structures which require
periodic refurbishnent to neet safe-life requirements shall be
re-certified after each refurbishnent bythe sane techni ques and
procedures used in the initial certification, unless an
alternative re-certification plan has been approved by the
procurring agency.

4.5 FABRI CATI ON_ _AND PROCESS CONTROL REQUI REMENTS

Proven processes and procedures for fabrication and repair shall
be used to preclude damage or material degradation during
material processing, manufacturing operations, and

refurbishment. In particular, special attention shall be gjven
to ascertain that the melt process, thermal treatment, welding
-- .cess, formng, joining, machining, drilling, grinding, repair

and rewel ding operations, etc., e.wthin the state-of-the-art
and have been used on simlar ha .re.

The fracture toughness, nechanical and physical properties of
t he §$rent materials, weldments and heat-affected zonesshall be
within established design Iimts after exposure to the intended

fabrication processes. The machining, formng, joining,
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wel di ng, dinmensional stability during t- -mal treatnments, a
t hr ough-t hi ckness hardeni ng characteri of the materia
shal | "be conpatible with the fabrir.*- ~esses t0 be

encount er ed.

Fracture control requir :nts and p.ecautions shall be defined
in applicable drawings . .d process specifications. Detailed
fabrication instruct ions and controls shall be provided to
insure proper inplenentation of the fracture contro
requirenents.  Special precautions shall be exercised throughout
the manufacturing operations to guard agai nst processing damage
or other structural degradation.” |n addition, procurenent

requi rements and controls shall be inplenented to insure that
suppliers and subcontractors enploy fracture control procedu: .
and precautions consistent with the fabrication and inspection
processes intended for use during actual hardware fabrication

4.6 QUALI TY ASSURANCE REQUI REMENTS

A quality assuranca program based on a conprehensive study of
the product and engineering requirenments, such as draw ngs,
material specifications, process specifications, workmanship
standard& design review records, and failure node anal ysis,
shal | be eatablished to assure that the necessary _
non-destriuctive inspections and acceptance tests are effectively
performeu to verify that the product neets the requirenents
this docunent. e grpgran1shall insure that materials, parvs,
‘ubasremblies, assemblies, and all conpleted and refurbished

ri- are conformto applicable draw ngs and process
s, xXications: that no damage or degradation has occurred
during material processing, Ilahrication, inspection, acceptance
tests, shipping, storage, operational use and refurbi shment; and
that defects which could cause failure are detected or eval uated
and corrected. As a mininum the followi ng consideration shal
be included in structuring the quality assurance program

4.6.1 Inspection Plsa. An inspection master plan shal
be established prior to start of fabrication. The plan shall
specify appropriate inspection points and inspection techniques
for use throughout the program beginning with materia
procurenent and continuing through fabrication, assenbly,
tcceptance proof test, operation, and refurbishment, as
rypropriate. |In establishing inspection points and inspection
‘echniques, consideration shall be given to the naterlag
characteristics, fabrication processes, design concepts,
structural configuration and accessibility for inspection
Jdesign= enploying fracture mechanics techniques shall also
include inspection for flaws. The flaw geonetries shal
enconpass defects commonly encountered, including surface crack,
corner crack, through-the-thickness crack at the edge of
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f-stener hole, surface crack at the edge of bolt hole, and
surface crack at the root of_|npersect|n3 prismatic structura
el enents. Acceptance and rejection standards shall be
established for each phase of inspection, and for each type of
i nspection technique.

4.6.2 |nspection Techniques. The selected
non-destructive Inspection (NDI) techniques nust have the
capability to determne the siZe, geonetry, l|ocation and
ortentation of a flaw or defect; to obtain, where multiple flas
exist, the location of each with respect to the other and the
di stance between them and to differentiate anong defect shape:
fromtight cracks to spherical voids. Two or nore NDI met hods
shal| be used for a part or assenbly that cannot be adequately
exam ned by only one nethod.

The flaw detection capability of each selected NDI technique
shal | be based on past experience on simlar hardware. \Were
this experience is not available or is not sufficiently
extensive to provide reliable results, the_capability, under
production or operational inspection conditions, shall be
determ ned experinentally and denmonstrated by tests approved by
the procuring agency on representative material product form

t hi ckness, and design configuration. The flaw detection
capability shall be expressed in terns of detectable crack

l ength, crack depth, or crack area. Tc mnimze the possibilit
of proof test failure in pressure vessels the selected NDI

techni que(s) should be capable of detecting flaws smaller than
critical size with a 90% probability of detection at a 95%
confi dence |evel.

The nost appropriate NDI technique(s) for detecting common
encountered flaw types shall be used for all pressure vessels
along with their flaw detection capabilities.

The followng criteria shall apply in defining the
characteristics of part-through initial flaws in the event the
sel ected NDI technique neasures either the flaw |ength or the
flaw depth, but not both. The depth of initial flaw shall be
assunmed to be one-half (1/2) the flaw length if the NDI

techni que neasures only the flawlength; whereas, for an HDI
techni que which neasures only flawdepth, the length of flaw
shal | be assumed to be twenty (20) tines the depth.

4.6.3 Inspection Data. | nspection data in the form of
flaw histories shallT be maintained throughout the life of the

pressure vessel and pressurized structure. These data shall be
periodically reviewed and assessed to evaluate trends and
anonal i es associated with the inspection procedures, equipnent
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and personnel, material characteristics, fabrication processes,
desi gn concegt and structural configuration. The result of this
as?essnent shall form the basis of any required corrective
action.

4.6.4 Acceptance Test. Every pressure vessel, and
pressurized structure shall be proof-pressure tested In
accordance with the requirenents of Section 5.1, 5.2, and 5.3 as
applicable to verify that the hardware has sufficient structural
integrity to sustain the subsequent service |oads, pressure,
temperatures and environments. The tenperature of the vessel
shall be consistent with the critical use tenperature, or, as an
alternative, tests nmay be conducted at an alternate tenperature
if the test pressures are suitably adjusted to account for
tenperature effects on strength and fracture toughness.

Accept/reject criteria shall be fornulated prior to acceptance
test. Every pressure vessel and pressurized structure shall not
{earﬁ rupture or experience gross yielding during acceptance
esting.

4.7 OPERATIONS AND MAINTENANCE REQU REMENTS.

4.7.1 erating Procedures. Operating procedures shall
be established™Tor eacnh pressure vessel. These nprocedures shal
be conpatible with the safety requirenents and personnel contr ol
requirenents at the facility where the operations are
conduct ed. Step-by-ste directions shal1 be witten with
sufficient detail to allow a qualified technician or mechanic to
accomplish the operations. Schematics which identify the
location and pressure limts of relief valves and burst disc
shall be provided, and procedures to insure conpatibility of the
pressurizing systemwith the structural capability of the
pressurized hardware shall be established. Prior to initiating
or performng a procedure involving hazardous operations W th
pressure systens, practice runs shall be conducted on
non- pressuri zed systens until the operating procedures are well
rehearsed. Initial tests shall then be conducted at pressure
| evel s not to exceed 50%of the nornmal operating pressures until
operating characteristics can be established and stabilized.
Only qualified and trained personnel shall be assi gned to work
on or MAth.h|gh.Pressure syst ens. Vﬁrnin% signs with the
hazardgs) identitied shall be posted at the operations facility
prior to pressurization.

4.7.2 Safe QOperating Limts. Safe Operating limits
shal | be establTshed Tor each pressure vesseg and each
pressurized structure based on-the appropriate analysis and
testing enployed in its design and qualification per Section 5.0.
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These safe operating limts shall be sunmarized in a format
which will provide rapid visibility of the inportant structura
characteristics and capability. e desired 1nformation shal
include, but not be limted to, such data as fabrication
materials, critical design conditions, MEOP, nom nal operating
or working pressure, proof pressure, burst pressure,
pressurization and depressurization sequence, operational cycle
limts, design and operating tenperatures, operational system
fluid, cleaning agent, NDI techniques enployed, permssible
thermal and chem cal environments, mninummargin of safety and
gotentlal failure nmode. For pressurized systens with potentia
rittle fracture failure node, the critical flaw sizes and
maxi mum perm ssible flaw sizes shall also be included
Appropriate references to design draw ngs, detail analyses,
i nspection records, test reports, and other back-up
docunentation shall be indicated.

4.7.3 Inspection and Miintenance. The results of the
appropriate stress, and safe-Trfe, analyses shall be used in
conjunction with the appropriate results fromthe structura
devel opnment and qualification tests to develop a quantitative
aﬁproach to inspection and repair. Allowable damage limts
shall be established for each pressure vessel and pressurized
structure so that the required inspection interval and repair
schedul e can be established to naintain hardware to the _
requi rements of this document. NDI technique(s) and inspection
procedures to reliably detect critical structural defects and
determne flaw size under the condition of use shall be
specified. Detailed repair procedures shall be devel oped for
use in field and depot levels. Procedures shall be established
for recording, tracking, and analyzing operational data as it is
accunmul ated to |dent|fy critical areas requiring corrective
actions. Analyses shall include prediction of remaining life
and reassessnent of required inspection intervals.

4.7.4 Repair and Refurbishnent. Wen inspections revea
structural damane or defects exceeding the permssible |evels,
t he damaged hardware shal | be repaired, refurbished, or
repl aced, as appropriate. Al repaired or refurbished hardware
shall be re-certified after each repair and refurbishment by the
agplicable acceYtgnce test procedure for new hardware to verify
their structural integrity and to establish their suitability
for continued service.

4.7.5 Storage Requirenents. \Wen pressure vessels and
pressurized structures are put into storage, they shall be
protected agai nst exposure to adverse environments which could
cause corrosion or other fornms of material degradation. In
addition, they shall be protected against nechanical damages
resulting from scratches, dents, or accidental dropping of the
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hardware. Induced stresses due to storage fixture constraints
shal | be ninimzed by suitable storage fi xture design. In the

event storage requiréments are violated, re-certification sha'
be required prior to acceptance for use.

~4.7.6 Docunentation. |nspection, naintenance, and
operation records shalT be kept and maintained throughout the
|1 fe of each_ pressure vessel and each pressurized structure. As
a mnimm the records shall contain the follow ng information-:

a. Tenperature, pressurization history, and pressurizing
flurd for both tests and operations.

b. Nunber of pressurizations experienced as well as
nunmber allowed in safe-life analysis.

C. Results of any inspection conducted,,includiniz
i nspector, inspection dates, inspection technlques
enployed, location and character of defects, defect
origin and cause.

d. Storage condition.

e. Miintenance and corrective actions perfornmed from
manuf acturing to operational use, including
ref ur bi shnent .

f. S-ketches and photo?raphs_to show areas of structur.
damage and extent of repairs.

g- Acceptance and re-certification test perforned,
including test conditions and results.

h. Anal yses supporting the repair or nodification which
may 1 nfluence future use capability.

4.8 SPEC AL REQUI REMENTS

4.8.1 Re-activated Pressurized Hardware. Pressure
vessel s and pressurized structures which are re-activated for
use after an extensive period in either an unknown, unprotected,
or unregul ated storage environnents shall be re-certified to
ascertain their structural integrity and suitability for ,
continued service before commitnent to flight. Re-certification
tests for pressurized hardware shall be in accordance with the
appropriate Re-Certification Test Requirenent (5.1.1.5, 5.1.2.5).
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4.8.2 Multiple Proof Tests. Miltiple proof tests are
general |y not required or recommended except in special
circunstances, as described bel ow.

a.

Re-activated pressurized hardware as described in
Section 4.8.1

Ref ur bi shed or repaired hardware (Section 4.7.4).
Hardware nodification after the initial proof test.

Re-certification of hardware for additional service
af%erljg has been in service for its intended
safe-life.

Re-certification of hardware designed for safe-life
between regul arly schedul ed inspection.

Conponent testing prior to final assenbly.

Proof test limtation resulting frominability of a
single proof test to envelope the critical
operational pressure, tenperature, and externa

| oadi ng conbi nati ons.

Proof test limtation resultin% frominability of the
initial proof test to verify the entire service life
capability of the hardware.

4.8.3 Test Fluids. Proof-test fluids shall be
conpatible with the structural materials in the pressure vessels
and pressurized structures. Proof test fluids shall not pose a
hazard to test personnel. [|f such conpatlblllty data is not

0

avai | abl e,

required testing shall be conducted denonstrate

that the proposed test flurd does not have a deleterious effect
on the article to be tested.
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SECTION 5
DETAI LED REQUI REMENTS

Four approaches for the design, analysis and verification ot
pressure vessels are offered as illustrated in Figure 2. _

Sel ection of the approach to be used is dependent on the desired
efficiency of design coupled with the level of analysis and
verification testing required. Final selection shall be
coordinated and/or defined by the procuring a%enpy and the
appropriate launch or test range approval authority.

Approach A, Fi§ure 2, 1llustrates the steps required for
verification 0f a pressure vessel designed with a burst factor
equal to 1.5 or greater. This approach is not acceptable for
the design and verification of ground support equipnent. Based
on the results of the failure node determ nation, one of two

di stinct verification paths nust be satisfied: 1) _
Leak-Before-Burst with | eakage of the contents not creating a
condition which could lead to a mshap (such as toxic gas
venting or pressurization of a conpartnment not capable of the
pressure increase), and 2) Brittle failure node or
Leak-Before-Burst in which, if allowed to |leak, the |eak causes
a hazard. The verification requirements for path 1 are
delineated in Sections 5.1.1 and 5.2.1, and the verification
requirements for path 2 in Sections 5.1.2 and 5.2. 2.

Approach B, Figure 2, illustrates the steps required for
verification of a pressure vessel designed wth a burst factor
equal to 200r greater. This approach is not acceptable for
USAF/ SD use, or design and verification of ground support
equipment.  Verification requirenents for' this approach are
delineated in Sections 5.1.3 and 5.2.3.

Approach C, Figure 2, illustrates the steps required for
verification of a pressure vessel designed enploying the ASME
Boi l er and Pressure Vessel Code. This approach is the only
acceptabl e approach for ground support equipnent. Additiona
requi renents for airborne vehicle equipnent and ground support
equi pnent are delineated in Sections 5.1.4 and 5.2.4.

5.1 NON- COVPOSI TE _PRESSURE _ VESSEL S

This section is intended Erinarily for application to metallic
?ressure vessel s but may be used for certain non-netallics with

he approval of the procuring agency (for fiber reinforced
conposite pressure vessels, see Section 52
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5.1.1 Pressure Vessels w th Non-Hazardous
Leak- Bef ore- Burrst (LBB) Failure Mode (Aerospace Vehicle
EQUI pnent, AVE) The LBB farlTure node shall be denonstrated
analytically or by test show ng that an initial flaw of an
size, comsdiddering a flaw shape range of .05<a/2r_<_5 Wil
Bropagate t hrough the thickness of the pressure vessel before
ecomng critical. (See the Appendix for an acceptable
anal ytical approach).

. 5.1.1.1 Factor of Safety Requirements. Pressure vessels
which satisfy the [BB failure node criterion may be designed
conventionally, wherein the design factors of safety and-test
factors are selected on the basis of successful past experience
or specified by codes and specifications. Unless otherw se
specified, the mninum Design Burst Factor shall be 1.5.

5.1.1.2 Safe-Life Analysis Requirenents. In addition tc
the stress anal ySis conducted in accordance with the
requirements of-Section 4.2.5,  conventional fatigue-life

anal ysis shall be performed, as appropriate, on the unflawed
structure to ascertain that the pressure vessel, acted upon by
the spectra of maxi mum expected operating |oads, pressures and
environnents will neet the safe-life requirements of Section
4.4. Nomnal values of fatigue-life characteristics of the
structural nmaterials shall be taken from reliable sources such
as MIL-HDBK-5, ASTM Standards, ML Specifications, the Aerospace
Structural Metals Handbook, or other sources approved by the
procuring agency. Safe-life requirenents are met when nor's
rule. extpressed as

i ¢ 0.8
i=1 N
is satisfied. In this equation, ngy = 4 times the nunber of
2 ales. applied at stress level 1, ﬁi = the nunber of cycles to

failure at stress leval. i., and k = number of stress levels
considered in the analysis. The LBB failure node criteria
accepts the possibility of propagation of an existing flaw,
t hrough the thickness of the vessel wall, a||0MAnﬁ_1eaka§?
the contained gas or |iquid. In the event that this |eakage
woul d present a hazard, fracture mechanics analysis shall be
required. (See Section 5.1.2.2)

5.1.1.3 Qualification Test Requirenents. Qualification
tests shall be conducted on tlight-quality hardware to
denonstrate structural adequacy-of the design. The test
fixtures, support structures, and nethods of environnental
application shall not induce erroneous test conditions. The
types of instrumentation and their locations in qualification

of
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tests shall be based on the results of the stress analysis of
Section 4.2.5. The instrumentation shall provide sufficient
data to ensure proper application of the accept/reject criteria,
whi ch shall be established prior to test. The sequences,
combinations, levels, and duration of |oads, pressure and
gnV|ronpents shal | denonstrate that design requirenents have
een net.

Qualification testing shall include denonstration of the

| eak- before-burst failure node by pre-flawed specinmen testing,
fatigue life by cycle testing and random vi bration testing and
ultimate strength by burst testing. The follow ng delineates

the required tests:

a. Leak before burst testing

The test may be conducted on coupons whi ch duplicate
the materials (parent material, weldment, and HAZ)
and thi cknesses of the pressure vessel or on a
ressure vessel representative of the flight
nardware. Test specinens shall be pre-flawed and
cycl ed through the de3|?n spectrumto denonstrate
stable flaw gr owt h conpl et en%/ t hrough the wal |
t hi ckness. sufficient nunber of tests is to be
conducted to establish that all areas (thicknesses)
and stress fields wi:1 exhibit a |eak-before-burst
mode of failure.

This test may be ?artially or conpletely omtted if
avai |l able materials data, directly applicable to the
materials and nmethods of construction, are avail able
to substantiate an anal ytical denonstration of the

| eak- before-burst failure node.
b. Pressure Testing

Required qualification pressure testing |evels are
shown in Table |IL. Requirenment for application of
external loads in conbination with internal pressures
durlniltestlng must be evaluated based on the

relat ive magni tude and/or destabilizing effect of
stresses due to the external load. If limt conbined
tensile stresses are enveloped by test pressure
stresses, the appllcatlon_of external |oads shall not
be required. It the appllcatlon of external loads is
required, the load shall be cycled to [imt for four
tines the predicted nunber of operating cycles of the
most severe design condition (eg. destabilizing |oad
Wi th constant mninuminternal pressure or maxi num
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additive load with constant maxi num expected

OEerating pressure). Qualification test procedure
shal | be approved by the procuring agency and the

appropriate launch or test range approval authority.

c. Random Vibration Testing

Random Vi bration qualification testing shall be

performed per requirements of ML-STD-1540 unless it
can be shown the vibration requirement is envel oped
by other qualification testing perforned.

5.1.1.4 Acceptance Test Requirenments. Accept ance tests
shal | be conduct&d on every pressure vessel before conm tnment tc
flight. Accept/reject criteria shall be fornulated prior to
tests. The test fixtures and suPport structures shall be
designed to permt apﬁllcatlon of all test |oads w thout
jeogard|2|ng the flightworthiness of the test article. The
following are required as a mni mum

a. Non-Destructive lInspection. A conplete inspection by
fhe selected non-destructrve inspection (ND
techni que(s) shall be perforned prior to proof
pressure test to establish the initial condition of
the hardware. Al pressurized hardware which
requires periodic refurbishment to nmeet safe-life
reEU|renents shal | undergo a conplete post-
returbi shment inspection prior to additional proof
pressure tests.

b. Proof Pressure Test. Every pressure vessel shall be
proof-pressure tested to verify that the materials,
manuf acturing processes, and workmanship neet design
§§eciiications and that the hardware is suitable for
flight. The proof pressure shall be equal to:

Poroof = (1 + Burst Factor)/2 x MEOP or
1.5 x (MEOP) whichever is |ower

5.1.1.5 Re-Certification Test Requirenments. All
refurbi shed presSure VesSelrs shall De re-certitied after each
refurbi shnent by the acceptance test requirenents for new
hardware to verify their structural integrity and to establish
their suitability for continued service before commtnent to
flight.  Pressure vessels which have exceeded the approved
storage environpent (tenperature, humdity, tine _etc.) shal
also be re-certified by the acceptance test requirenents for new

har dwar e
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TABLE 11. alification Test Requirenents
Test Item No yield after No Burst at(l,
Vessel #1(2) Burst Factor x
MEOP
Vessel #2 Cycle at 1.5 x MECP Burst Factor x
for 2 x predicted MEOP
nunber o ogerat|ng
cycl es. (50 cycles
m ni mum
orT
Cycle at 1.0 x MEOP
for 4 x predicted
nunber o ogerat|ng
cycles. (50 cycles
m ni mum

| evel ,

(2) Test
agency.

(1) After denonstrating no burst
i ncrease pressure to actua

Record actual burst

pressure.

at the defined test

burst of vessel.

may be deleted at discretion of procuring

5.1.2 Pressure Vessels with Brittle Fracture or

Hazar dous Leak=Betore-Burst

(LBB)

Failure Dde (AVE)

5.1.2.1 Factor

of Safety Requirenents.

met hodol ogy based On tracture nechani cs techni ques shal

Safe-1ife design
be used

to establish the appropriate design factor of safety and the
associ ated proof factor for pressure vessels which exhibit

brittle fracture or
The | oadi ng spectra,

the structural

envi ronments expected in service shal
Nom nal values of fracture toughness and

consi der ati on.

mat eri al _
flaw-growth rates of the parent nateria
program requi rements, stress |evels,
materials wth the thermal and

be taken into

strengt hs,

hazar dous | eak-before-burst failure node.

fracture toughness and
and wel dnent s,
and the conpatibility of

t est

chem ca

flaw-growth rate data corresponding to each alloy system tenper

and product form shal | g W f
on specified service life in establishing the desi
safety and the associated
specitied tae m nimum burs
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5.1.2.2 Safe-life Denonstration Requirenents. In
addition to the stress analysis conducted in accordance wth the
requi renents of Section 4.2.5, safe-life analysis of each
pressure vessel covering the maxi mum expected operating | oads
and environments, shall be performed under the assunption of
pre-existing initial flaws or cracks in the vessel. In
particular, the analysis shall show that the pressure vesse
with flaws placed in the nost unfavorable orientation with
respect to the applied stress and material properties, of sizes
defi ned by the acceptance proof test or NDI and acted upon by
the spectra of nmaxi num expected oFerating | oads and
environments, wll meet the safe-life requirements of Section
4.4, Nomnal values of fracture toughness and flawgrowh rate
data associated with each alloy system tenper, product form
thermal and chem cal environments, and |oading spectra shall be
used along with a life factor of four on specified service life
in all safe-life analyses.

Pressure vessels which experience sustained stress shall also
show that the corresFondln% applied stress intensity QKI)_
during operation is less than the threshold stress intensity

(Xty) in the appropriate environnent

KTH > K1
The safe-life analysis shall Dbe included in the stress analysis
of Section 4.2.5. "~ In particular, the fracture mechanics data,
| oadi ng spectra and environnents, flawgrowh nodel, initia

flaw sizes, proof factors, strength and other input data,

anal ysi s assunptions, rationales, methods, references, summary
of significant results, shall be clearly presented.

Testing of structure under fracture control in lieu of safe-life
analysis is an acceptable alternative, provided that, in
addition to followng a quality assurance program (Section 4.6)
for each flight article, a qualification test programis

i npl enented on pre-flawed specinens representative of the
structure design. These flaws shall not be less than the flaw
sizes established by the acceptance proof test or the selected
NDI nethod(%f. Safe-life requirenents of Section 4.4 are

consi dered denonstrated when the pre-flawed test specinens
successfully sustain the limt |oads and pressures in the
expected operating environments for the specified test duration
Wi t hout rupture.
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5.1.2.3 CQualification Test Requirements. Qualification
tests shall be conducted on flight-quality hardware to
denonstrate structural adequacy of the design. The test
fixtures, support structures, ‘and methods of environnental
application shall not include erroneous test conditions. The
types of instrumentation and their locations in qualification
tests shall be based on the results of the stress analysis of
Section 4.2.5. The instrunentation shall provide sufficient
datat 0 ensure proper apﬁlicatjon of the accept/reject criteria
which shall be established prior to test. The sequences,
conbi nations, levels, and duration of |oads, pressure and
gnviron?ents shal | denonstrate that design requirenents have
een net.

Qualification testing shall include life cycl? testin% random
vibration testing, and burst testing. The” follow ng delineates
the required tests:

a. Pressure Testing

Required qualification pressure testing levels ore
shown in Table 11. Requirenent for applicaticn of
external |oads in conbination with internal pressures
during testing nust be eval uated based on the
relative nmagnitude and/or destabilizing effect of
stresses due to the external load. Ltf limt conbined
tensile stresses are enveloped by test pressure
stresses, the aPpIication of external |oads shall not
be required. If the application of external |oads is
required, the load shall be cycled to limt for four
tinmes the predicted nunber of operating ecycles of the
nost severe design condition (e.g., destaniliuing
load with constant mninmuminternal pressure, or

maxi mum addi tive load with constant maximum expected
operating pressure). Qualification test procedure
shall be approved by the procuring agency and the
appropriate launch or test range approval authority.

b. Random Vi bration

Random vi bration qualification testins shall be
performed per requirenents of MIL-STD-1540 unless it
can be shown the vibration requirenent is eaveloped
by other qualification testing perforned.

5.1.2.4 "Acceptance lest kequirements. The acceptrance
test requir ements for pressure vessels which exhibit britit le
fracture, or hazardous' LRB,failure node or-e identical t o thosc
with ducti|l e fracture failure mode as defined in Section 5.1.1.4
except that the test level shall be that defined bv the fracture
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mechani ¢cs anal ysis. Cryo-proof acceptance test procedures may
be required to adequately verify initial flaw size. The
pressure vessel shall not rupture or leak at the acceptance test
pressure.

©5.1.2.5 Re-certification Test Requirements. All
refurbished pressure vessels shall Dbe re-certified after each
refurbi shnent by the acceptance test requirenents for new
hardware to verify their structural Jnte%rlty and to establish
their suitability for continued service before conmmtnent to
flight. Pressure vessels which have exceeded the approved
storage environnment (tenperature, humdity, tinme etc.) shal
ﬁlsg e re-certified by the acceptance test requirenents for new
ar dwar e.

- 5.1.3 Pressure Vessels Designed Enploying Strength of
Materials (AVEj.  Pressure vessels may be designed and veriiied
utiTrzing the rollowing criteria which does not enploy fracture
mechani cs techniques. Pressure vessel failure node
denonstration is not required. The DoD user of this approach
should be aware that this approach is not acceptable for USAF/ SD
use. The pressure vessel is to be designed, analyzed and
verified as defined in Section 5.1.1 with the follow ng
exceptions or changes to criteria.

5.1.3.1 Factor of Safety Requirenents - The pressure
vessel is to be deSTgned (0 a minimum Proof _Pressure = 1.5 x
MEOP and a m ni num Design Burst Pressure = 2.0 x MEOP.

5.1.3.2 Safe-Life Analysis Requirements - Requirements
per Section 5.1.1.2.

5.1.3.3 Cualification Test Requirenents - Requirenents

per Section 5.1.1.3 except that Leak Before Burst testing is
deleted..

~5.1.3.4 Acceptance Test Requirenents = Requirements per
Section 5.1.1.4 except that proof test shall be conducted at 1.5
X MEOP.

5.1.3.5. Re-Certification Test Requirenents- Requirenents
per Section 5.1.T.5.

. 5.1.4 Pressure Vessels Designed Enploying the ASME
Boi | er Code (AVE & GSEY. Pressure vessels may be designed and
manufactured per the rules of the ASME Boiler and Pressure
Vessel Code, Section VIII, Divisions 1 or 2.
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5.1.4.1 Qualification Test Requirenments - (For airborne

systens required to safisfy Space Transportation System Safet:
Requirenents). Qualification testing shall consist of the eycae
testing defined in Section 5.1.1.3b.

5.1.4.2 Acceptance Test Requirenments - As specified in
Code. AVE pressure vessel's shall Dbe proof; pressure tested at
1.5 x MEOP. This test may be acconplished when satisfying code
requirements.

- 5.1.4.3 Re-Certification Requirenents (GSE) - Wen no
data is availabl @ concerning existing ground system pressure
vessel or history of use, or if the origin of data is uncertain,
perform a detailed investigation to determne the utility of the
¥e??elz This investigation shall, as a mninum include the

ol I owi ng

(a) Paint removal and thorough internal and external
surface cleaning including renoval of corrosion.

(b) Thorough internal and external surface inspection
to determne extent of corrosion or any handling
damage or cracks.

(c) Accurate neasurenent of mninum vessel wall
thi ckness.

(d) ldentification of construction nmaterials.

(e) Determination of operating stress |evels using
proposed system nmaxi mum expected operating pressure.

(f) Analysis to determne the operating safety factor
baSed on corrosion or other existing damage.

(g) Hydrostatic test to 150% of proposed maxi mum
expected operating pressure.

(h) The using activity shall maintain reports of the
above investigation as a part of the system records.

5.2 COWPOSI TE PRESSURE VESSELS

Pressure vessels fabricated of conposite materials nust satisfy
the non-conposite requirenents of Section 5.1 with the follow ng
exceptions applicable to each design verification analysis
approach.
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Conposite vessels with netallic |liners may be designed enpl oyi ng
either of the two approaches. Conposite vessels wthout a |oad
carrying metallic liner may only be_designed bY t he ASME code,
(section 5.2.3 of this standard). The |eak-before-burst or
brittle failure node designation for a netal l|ined conposite
vessel shall be based on the characteristics of the liner.
Fracture nechanics methodology is not applicable to the
conposite overwrap.

5.2.1 Conposite Pressure Vessels with Non-Hazar dous

Leak- Before-Burst (LBB) Failure Mde (AVE). pli1cable fracture
mechanics Enal{81s anda/or rests of _netal 1ined conposite
pressure vessels shall verify the |eak-before-burst failure node

of the nmetal |iner.

5.2.1.1 Factors of Safety Requirenents. Requirenents
per Section 5.1.1. 1.

5.2.1.2 Safe-Life Analysis Requirenents. Requirenments
per Section 5.1.1.Z.

5.2.1.3 Qualification Test Requirements. Qualification
testing shall consist of the [eak-before-burst denonstration of
the liner and cycle/burst testing of the conposite vessel as
defined in Section 5.1.1.3. In particular the effects of the
l'i ner sizing OEerat|on on the fracture nechanics characteristics
of the liner should be accounted for in tae LBB eval uation.

5.2.1.4 Acceptance Test Requirenents. Acceptance (esStS
shall be conducted as detined in Section 5 X 1.4, €
substitution of the metal liner sizing operation for acceptance
test is aqceftable provided the requirenents of Section 5.1.1.4
are satisfied.

5.2.1.5 Re-Certification Tesst xequirenents.
Requirements per Section 5. 1. 1. 5. (NUTE% ArTernate _
re-certification procedure may be approved by the procuring and
saf ety agenci es.

5.2.2 Conposite Pressure Vessels with Brittle Fracture
or Hazar dous Lé% Failure lode (AVE) . 1his section s applicable
onl[y to conposite pressure VESSElS wth nmetal liners whi Ch_
exhibit brittle fracture or hazardous | eak-before-burst failure

nmode

5.2.2.1 Factor of Safety Requirenents. Unless otherw se
specified, the mnimumburst factor shall be 1.5.
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5.2.2.2 Safe - Life Denonstration Requirenments
Reaui rements of Section 5.1.2.2 shall apply to the netal line-
Conventional fatigue life analysis of the conposite overwrap
must verify the liner is the critical safe-life conponent.
Anal ysis shall show the safe-life of the overwrap to be a factor
of 10 longer than the safe-life of the |iner.

5.2.2.3 Qualification Test Requirenents. Requirenents
per Section 5.1.2.3.

5.2.2.4 Acceptance Test Requirenents. Acceptance test
requi renents shall be as defined 1n Section 5.1.2.4. The
substitution of netal liner sizing operation for an acceptance
test is acceptable provided the requirements of Section 5.1.2.4
are satisfied. The netal liner shall not |eak at the proof test
pressure. An additional Cryo type proof test of the liner,
prior to conposite overwap, nmay be required to adequately

Yerify the largest allowable initial flaw size present in the
I ner.

5.2.2.5 Re-certification Test Requirenents. The .
re-certification Test requirenents fror all rerurbished conposite
pressure vessels are as defined in Section 5.1.1.5.

5.2.3 Conposite Pressure Vessels Designed Enploying
Strength of Mater%a%s !%?E! Composite pressure vessels, Dboth
"To0ad bearing netal 11ned and all conposite, may be designed e

verified ut%lizing the criteria of Section 5.1.3 which does n..
enpl oy fracture mechanics techni ques.

5.2.4 Conposite Pressure Vessels Designed Employing the
ASME Boil er Code (AVE & GSE). Composite pressure vessels may be
designed and znanufaciured per the rules of the ASME Boiler and
Pressure Code, Section X

5.2.4.1 Qualification Test Requirenents. (For airborne
systens required to satisrfy Space ifaansportaiion System
Requi rements). Qualification testing shall consist of the cycle
testlng defined in Section 5.1.1.3b and random vi bration testing
defined in Section 5.1.1.3c.

5.2.4.2 Acceptance Test Requirenents. As specified in
Code. AVE pressure vessels shall be proof pressure tested at

1.5 x MEOP. This test nay be acconplished when satisfying code
requirements.

5.3 COVPONENTS

5.3.1 Factors of Safety Requirenments - Conponents
excl udi ng_pressure vessels are to be designed to the m ni num
factors given in Table III.
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TABLE I11. Systens Safety Factors
PROOF DESI GN BURST
AVE | GSE
Lines and fittings dfa < 1.5 in. 1.5 4.0 4.0
dia 2 1.5 in. 1.5 2.5 4.0
Fluid Return Sections 1.5 3.0 4.0
Fl uid Return Hose 1.5 5.0 4.9
O her Components (Except Pressure 1.5 2.5 4.0
Vessel s)

Conponents subject to |ow or negative pressures shall be
eval uated at 2.5 tinmes nmaxi mum external pressure expected
during service life.

5.3.2 Safe-Life Analysis Requirenents. Not required.

_ 5.3.3 Qualification Test Requirenents. Not required on
lines and fittings. I'nternal/external pressure testing shall be
conducted on all other conponents to denonstrate no failure at
the design burst pressure.

5.3.4 Acceptance Test Requirenents. Acceptance test
requi rements shall be satisfied by conpletion of |eak and/or
proof test requirenents for the assenbl ed pressurized system as
dictated by the applicable range safety docunentation, and or
procuring agency, requirenents.

5.3.5 Re-Certification Test Requirenents.
Re-certification of [ines, fittings and conponents shall be as
delineated in Section 5.3.5 as applied to the refurbished
syst ens.
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SECTI ON 6
PRESSURI ZED SYSTEM REQUIREMENTS

Requi rements which
section 6.1. Additi
system types are in

6.1 GENERAL PRESSURIZED SYSTEM REOUIREMENTS
6.1.1 Design Features

6.1.1.1 Pfj_gmblx Design components so t hat, duri n? the assenbly
of parts, sufficient clearance exists to permt assenbly of the
conponents without damage to Orings or backup rings where they pass
threaded parts orsharp corners. .

ly to all types of pressurized systens are in
al” detail requirements applicable to specific

a
on
the sections follow ng.

6.1.1.2 Routing. Avoid straight tubing and piping runs between
two rigid connection points. Were such straight runs are necessary,
provisions shall be nade for exgan5| on joints, notion of the units, or
Sim|ar compensation to insure that no excessive strains will be
a

pghed to the tubing and fittings. Use line bends to easé Stresses
n

not be connected to any other lines in any way that coul d
generate a hazardous mxture in the drain/vent line, or allow feedback
of hazardous substances to the conponents being drained or vented.
Shield or isolate pressure fluid reservoirs from conbustion apparatus
or other heat sources.

6.1.1.5 Grounding. Electrical
components and lines to netalli

6.1.1.6 Handlinn .Provide
~with coordi nated attachment poin

C
f
t
equi pnent that cannot be hand-ca
shall be in accordance with ML-

i nduced in tubing by alignnent tolerance6 andvibration.

6.1.1.3 s§na:ntinn Physically separate redundant pressure
conponent 6 and systens from nain systens for naxi num safety advantage
in case of damage orfire.

6.1.1.4 Shielding. Shield pressure systens from other systens
when required to mnimze all hazards caused by proximity to’'
conbustible gases, heat sources, electrical equipment, etc. Any
failure in any such ad* acent system shall not result in combustion or
expl osion of pressure fluids of conponents. 8&hieldorseparate |ines,
drains, and vents fromother high- energh/ systens; for exanple, heat,
hi Igh vol tage, conbustible gases, andcChem'cals. Drain and vent [ines

n

ly ground hydraulic system
structures.

I xtures for safe handling and hoisting
s in the systemstructure, for
r6r| ed. Handling and hoisting |oads

- 8512.

6.1.1,7 Special Tools. Design safety critical pressure systems so
that special tools shall not be required for renoval and replacenent
of congogﬁnts unless it can be shown that the use ofspecial tools is
unavoi dabl e.
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~ 6.1.1.8 Tasat Points. Provide test points if required, such that
disassembly for test is not required. The test points shall be easily
accessible for attachment of ground test equipment.

6.1.1.9 Common-Plug Test Connectorg. Conmon-plug teat connectors
for pressure and return sections shall be designed to require positive
removal of the pressure connection prior to unsealing the return
connections.

6.1.1 .10 Individual Pressure and Return Iest Connectors.
Individual pressure and return Lest connectors shall be designed to
posilively prevent inadvertent cross-connections.

6.1.1.11 Threaded Parts: All threaded parts i n saf et?/ critical
omponents shall be securely locked to resist uncoupling forces by
acceptable safe design methods. Safety wiring and self-locking nuts
are examples of acceptable safe design. . Torque fort hreaded partsin
safety critical components shall be specifi ed.

6.1.1.12 Friction Locking Devices. Avoid friction-type locl.ing
devices in safety critical applications. Star washers and jza nuts
shall not be used as locking devices.

6.1.1.13 Internallv Threaded Boggses The design of internally
threaded bosses shall preclude the possibility of damage to the
component or the boss threads because of screwing universal fittings
to excessive depths in the bosses.

6.1.1.14 Retainer or Snao Rings.. Retainer or snap rings shall not
be used in pressure systems where failure of the ring would allow
connection failures or bl ow- outs caused by internal pressure.

6.1.1.15 Snubbers. Snubbers shall be used with all Bourdon type
pressure transmtters, pressure switcher, and pressure gages, except
air presaure gages.

6.1.1.16 Drains and sumpg. When lines are required for draining
liguid explosive, flammable liquids or explosive waste, they shall be
=@ of pockets or | OW spots so that a positive flow is achieved at
..o points in the drain line. The slope shall not be lessthan 1/4
i nch per foot at any poi nt on the drain line. The drain system shall
i nclude a sump or "basin where the fluid can safely collect. This sunp

or basin shall ba designed so that it can be easily cl eaned, and
draimege easily removed.

6.1.2 Component Selection

6.1.2.1 Connections. Design or select conponent8 to assure that
haxardoua misconnections or reverse installations within the aubsystem
are not poaaible. Color codes, labels, and directional arrows, are

not acceptable as the primary neans for preventing incorrect
installation.
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6.1.2.2 Fluid Tenperature. Estimate the maxi mum fluid
tenperature early In design aspart of data for selection of
safety critical conponents, such as system fluid, pressurizing
gas, Oil coolers, gaskets, etc.

6.1.2.3 Actuator Pressure Rating. Specify conponents
that are capable of safe actuation under pressure equal to the

maxi mum relief valve setting in the circuit in which they are
I nstalled.

6.1.2.4 Pressure Service Ratings. Punps,
val ves/regul ators, hoses, and all such prefabricated conponents
of a pressure system shall have proven pressure service ratings
equal to or higher than the limt-|oad (maximum expected
operating pressure) and rated service life of the system

6.1.2.5 Punp_Selection. Apply "The Standards of the
Hydraulic Institute™ rn evalualing safety in punp selection

_ 6.1.2.6 Fracture and Leakage. WWere |eakage or fracture
I's hazardous to personnel or critical equipment, design so that
failure occurs at the outlet threads of valves before the inlet
threads or body of the valve fails under pressure.

6.1.2.7 Oxygen System Conponents. Specify valves and
ot her conponents™Tor oxygen systenms of 3000 psi orhigher that
are_SJOM/oPenlng and cI03|ng thes to minimize the potential for
ignition of contam nants. Such systens shall also require
el'ectrical grounding to elimnate the possibility of the
buil d-up of static electrical charges.

6.1.2.8 Pressure Regulators. Select pressure regulators
to operate in thé center 50 percent of their total pressure
ran?ﬁ, or design to avoid creep and inaccuracies at either end
e

of full opeéerating range.

0 6.1.2.9 Flareless Tube Fittings. In all cases flareless
tube fittings shalT De properly preset prior to pressure
application.

6.1.2.10 Manual Valves and Regul ators. Design manual |y
operated valves and regulators so thal over torqueing of the
val ve stem orregul ator adj ustment cannot damage soft seats to
the extent that failure of the seat will result.

6.1.2.10.1 Valve designs which utilize uncontained seats
are unacceptable and shall not be specified.
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6.1.3 Design Pressures

o 6.1.3-1 Over Pressure. Speci fy warning devices to

i ndi cate hazardous over or under pressures to Operating
personnel.  These devices shall actuate at predeternined
pressure |levels designed to allow time for corrective action

6.1.3.2 Back Pressure. Safety critical actuations of
pneumatic systens shall not be adversély affected by any back
pressureresulting from concurrent operations of any other parts
of the system under any setof conditions.

6.1.3.3 Pressure Isolation. Conponents or |ines that
can be isolated and contarn resrdual pressure shall be equiEped
wi th gage reading and bl eed val ves for pressure safety check.
Bl eed val ves shall be directed away from operating personnel.
Fittings or caps for bleeding pressure are not acceptable.

6.1.3.4 Gas/Fluid Separation. Specify pressurized
reservoir6 that are designed tor gas/fluid separation with
provision to entrap gas that may be hazardous to the system or
safety critical actuation, and prevent its recirculation in the
system This shall include the posting of instructions adjacent
to the filling point for proper Dbleeding when servicing.

6.1.3.5 Com:r:ssed Gas Bl eeding. Bl eed conpressed gas
emer gency systems d.r-Ztly O UNE atmcsphere away from the
vicinity of personne., rather than to reservoir. 1If the gas -.
conbustible, consideration should be given to nethods for
reducing the potential for accidental ignition or explosion

6.1.4  Deadgr

6.1.4.1 Acceleration and Shock Loads. Specify
installation of alT Tines and conponents to wthstand al
expected accel eration and shock loads. Shock isolation mounts
na¥ be used if necessary to elimnate destructive vibration and
interference collisions.

6.1.4.2 Torque Loads. Specify the mounting of
conponents, |nclud|n% val'ves, on structures having-sufficient
strength to withstand torque and dynam c | oads, and not
supported by the tubing. However, |ight-weight conponents that
do not require adjustnment after installation (for exanple, check
val ves), may be supported by the tubing, provided that a tube
clanp is installed on each such tube near the conponent.

6.1.4.3 Vibration Loads. Support tubing by cushioned

steel tube clanps or b¥ mul t1ple-block type clanps that are
suitably spaced to restrain destructive Vvibration
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6.1.5 Controls

6.1.5.1 Interlocks. Specify interlocks where necessary
.to prevent a hazardous sequence of operations and provide a
fail-safe capability at all times. For exanple, the "open"
position of renotely controlled valves that can hazardously
pressurize lines|l eading to renotely controlled (or autonatic)
di sconnect couplings shall be interlocked to preclude the "ope
vaIv?_p05|t|on coincident with the disconnected condition of t
coupl i ngs.

6.1.5.2 Multiple Safety Critical Functions. Pressure
systens that conbine Several safety critical functions shal
have sufficient controls for isolating failed functions, for the
purpose of safely operating the remaining functions.

nll
he

6.1.5.3 Critical Flows and Pressures. Al pressure
systens shall have pressure 1ndicaiing devices to nonitor
critical flows and pressures nmarked to show safe upper and | ower
limts of systen1pressure._ The pressure indicators shall be so
| ocated as to be readily visible to the operating crew.

6.1.6 Protection. Protect all systems for pressure
above 500 psi in all areas where damage can occur during
servicing or other operational hazards. Hazardous piping |ine
routes that invire use as handhol ds or clinbing bars, shall be
avoided. Shield pressure lines and conponents of 500 psi or
hi gher that are adjacent to safety critical equipnment to protect
such equipnent in the event of |eakage or burst of the pressure

system

6.1.7 Electrical.

~6.1.7.1 Hazardous Atnospheres. Electric conponents for
use in potentially Tgnitable aftnospheres shall be denonstrated
to be incapable of causing an explosion in the intended
application.

6.1.7.2 Radio Frequency Energy El ectrically energized
hgdraullc components shall not propagate radio-frequency energy
that is hazardous to other subsystens in the total system or
interfere in the operation of safety critical electronic
equi pnent (Reference M L-E-6051).

6.1.7.3 Gounding. Electrically ground pressure system
conponents and IFﬁ§§_T6Jnetallic structures.

6.1.7.4 Solenoids. Al solenoids shall be capable of
safely withstanding a test voltage of not |ess than 1500 Vrns
at 60 cps for 1 mnute between termnals and case at the maxi num
operating tenperature of the solenoid in the functional envel ope.
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6.1.7.5 El ectric Motor Driven Punps. Electric notor

driven punps used 1n safety critical systens shall not be use
for ground test purposes unless the notor is rated for reliable
continuous and safe operation. Oherwise, the test parameters
may perturb reliability calculations.

6.1.8 Pressure Relief

6.1.8.1 Requirenent. Specifymﬁressure relief devices on
all systems having a pressure source wnich can exceed the

maxi mum al | owabl e pressure of the system or where the

mal function/failure of any conponent can cause the naxi num_

al l owabl e pressure to be exceeded. Relief devices are required

downstream of all regulating valves and orifice restrictors

unl ess the downstream systemis designed to accept full source
ressure. On space systens, Wwhere operational or weight _
imtations preclude the use of relief valves, and systenms wil|

operate in an environnent not hazardous to personnel, they can

be omtted if the ground or support system contains such devices

and they cannot be isolated fromthe airborne systemduring the
pressurization cycle and the space vehicle cannot provide Its

own protection.

. 6.1.8.2 Flow Capacity. SpecifY that all pressure relief
devices shall provide relief at full flow capacity at 110% of
t he MEQP of the system or |ower.

. 6.1.8.3 Sizing. Specify the size of pressure relief
devices to withstand nmxi mum pressure and flow capacities of the
pressure source, to prevent pressure from exceeding 110% of the
MEQP of the system

6.1.8.4 Unnmanned Flight Vehicle Servicing. Were a
§round system i s specifically desIgned {0 service an unnmanned
light vehicle, pressure relief protection nay be provided
within the ground equipnment, if no capability exists to isolate
the pressure relief protection fromthe flight vehicle during
the pressurization cycle.

6.1.8.5 Automatic Relief.

6.1.8.5.1 Low Safety Factor. Wuwere safety factors |ess
than 2.0 are used in the design of pressure AVE vessels, provide
a nmeans for the automatic relief, depressurization, and pressure
vgrlglcatlon of safety critical vessels for the event of |aunch
abort.

6.1.8.5.2 Confinenent. \Wenever any pressure vol ume can

be confined and/or T1solated by system valving, providean
automatic pressure relief device.  Pop-valves,™ rupture discs,
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bl ow-out plugs, arnoring, and construction to contain the
greatest possible overpressure that may devel op are exanples of
corrective neasures for system safety In cases not covered by

t he above paragraphs.

_ 6.1.8.6 Venting. Vent pressure relief devices for toxic
or inert gases to safe areas or scrubbers, away fromthe
vicinity of personnel.

_ 6.1.8.7 Relief Valve Isolation. Shut-off valves for
mai nt enance pu;goses on the rnlet side of pressurized relief
valves are persaissible if a means for nmonitoring and bleedin
trapped pressure is provided and the requirements of ASME Cbge
for unfired pressure vessels, Appendix paragraph UA-354, and
the provisions for valve design In paragraph 6.1.5 are nmet. It
i1s mandatory that the valve be |ocked open when the systemis
repressurized.

6.1.8.8 Negative Pressure Protection.

6.1.8.8.1 Testing. Hydrostatic testing systens for
vessel s which are nof designed to sustain negative internal
gressute shal |l be equipped with fail-safe devices for relief of
azardous negative Fres$ure during the period of fluid renoval
Check valves and valve interlocks are exanples of devices which
can be used for this purpose.

6.1.8.8.2 Storage and Transportation. Thin walled
vessel s which can De colTapSed by. a negati vé pressure shall have
negative pressure relief and/or prevention devices for safety
during storage and transportation.

6.1.8.9 Reservoir Pressure Relief. Design pressurized
reservoirs so that ulTage volumes shalT De connected to a relief
val ve that shall protect the reservoir and ?omer punp from
hazar dous overpressure or back pressure of the system

6.1.8.10 Air Pressure Control. The air pressure control
for pressurized reservoirs shall be an externally nonadjustable
pressure regulating device. If this unit also contains-a
reservoir pressure relief valve, design the unit so that no
failure in the unit will permt overpressurization of the
reservoir.

6.1.9 Contanmination. The follow ng contam nation
rel ated considerafrons shalT be addressed in the design of
pressurized systens. Contamnation includes solid, liquid and
gaseous material .

a. Prevent contam nation from entering or devel oping
within the system
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b. Design the systemto include provisions to detect
contam nat i on.

c. Design the systemto include provisions for renoval
of contamination. Include provisions for initial
purge with fluid or gas which will not degrade future
system perfornance.

d. Design the systemto be tolerant of contam nation

6.1.9.1 Filtering. Al pressurizing fluids entering
safety critical Systenms will be filtered through a 10 m cron
filter, or finer, before entering the system

6.1.9.1.1 Fluid Filters.

a. Al pressure systems shall have fluid filters in the
system designed and |ocated to reduce the flow of
contam nant particles to a safe m ni num

b. Al of the circulating fluid in the systemshall be
filtered downstream from the pressure punp, or
i medi ately upstream from safety critical actuators.
Entrance of contanination at teSt points or _vents
shal | be minimzed by downstream filters. The bypass
fluid or case drain flow on variabl e displacenent
punps shall be filtered.

c. Wen the clogging of small orifices could cause a
hazar dous na%%unctlon or failure of the system they
shall be protected by a filter elenent designed to
prevent clogging of the orifice. Note that this
I ncl udes servo val ves.

d. Do not use filters or screens in suction lines of
power punps or hand punps of safety critical systens.

6.1.9.1.2 Ar Filters.

6.1.9.1.2.1 Pressurized Reservoirs. Specify air filters
for hydraulic reservoir air pressurization circuits and |ocate
air filters to protect the pressure regul ati ng equi pnent from
contamination. Specify dry conpressed air for hydraulic
reservoir pressurization. Specify a noisture renmoval unit to

protect the pressure regulation lines and equipnent.

6.1.9.1.2.2 Unpressurized Reservoirs. Unpressurized

hydraulic reservoirs shall have filters and dessicant units at
the breather opening to preclude introduction of moisture and
contaminants into the reservoir.




6.1.9.2 Bleed Ports

6.1.9.2.1 Location = Provide bleed ports where necessary
move accumnul atTons of residue or contam nants. Provide
poi nt Dbl eed ports where necessary for renoval of trapped
. The bleed valve shall be directed away from operating
anel and possible ignition sources.

a. Equip conponents, cavities, or lines that can be
i solated, wth bleed valves which can be used to
rel ease retained pressure, or wll indicate that
continued pressure exists in the system

b. Bleed val ves used for reducin% Pressure on systens
cont ai ning hazardous fluids shall be routed to a safe

di sposal area.

6.1.9.2.2 Auxiliary Bleed Ports. Provide auxiliary
ports where necessary to allow bleed off for safety
ses. Locate bleeder valves so that they can be operated
it renoval of other conponents, and shall permt the
ment Of a hose to direct the bled off fluid into a

iLner.

5.1.9.2.3 Filler Cap Bleed. Reservoir filler caps shal
je design provisions which shall automatically bleed the
rolr on opening, so that possible ullage pressure can not
I hazardous kinetic energy to either the filler caps, the
in the reservoir, or the system

6.1.10 Control Devices

6.1.10.1 Directional Control Valves. Design safety
:al pressure systens incorporatin% Two or nore directiona
il

>1 val ves to precl ude tthe#nnﬁﬂﬂﬁ ty of inadvertently
:ing the flow or pressure fromone valve into the flow or

ire path intended for another valve, with any conbi nation
lve settings possible in the total system

6.1.10.2 Overtravel. Design control devices to prevent
ravel or undertravel that may contribute to a hazardous
zion, or damage to the valve.

6.1.10.3 Pressure and Volunme Control Stops. A
ire and vol uffe control s _shall_ have stops, or equivalent, to
it settings outside their nom nal safe working ranges.
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6.1.10.4 Munually Operated Levers.

a. Components that have integrated manual [y operated
| evers shall provide |evers and stops capabl e of

mﬁthstanding the limt torques specified by
M L-STD- 1472.

b. Provide | evers and stops on renote controls, capable
of wthstanding a limt torque of 1800 I|b-in.

c. Because jamm ng is possible, do not use sheathed
flexible actuators tor valve controls in safety
critical pressure systens; for exanple, push-pul
wires, torque wires, etc., that are sheathed are not
accept abl e.

6.1.10.5 Limt Torque. Control conponents that have
integral manual |y operated levers shall provide |levers and stops

capabla of withstanding the following limt torques.
Lever Radius (R Desi gn Tor que
Less than 3 inches 50 x R Ib-in.
3 to 6 inches 75 x R Ib-in.
over 6 inches 150 x R Ib-in.

6.1.11 Accunul ators

6.1.11.1 Accumul ator Design. Design accunulators in
accordance with the pressure vessel standards for ground systens
and locate for mniml probability of mechanical damage and for
m ni mum escal ati on of material damage or personnel injury in the
event of a major failure such as tank rupture.

6.1.11.2 Accunulator Gas Pressure Gges. Accunul ator
as pressure gages shall not be used to i1ndicate system pressure
or operational or maintenance purposes.

6.1.11. 3 Accunul ator Identification. Gas type and
pressure | evel shalT be posted on, or rmmediately adjacent to
t he accunul at or.

6.1.12 Flexhose

6.1.12.1 Installation. Use flexhose between any two
connections where relative notion can be expected to fatigue
metal tube or pipe. Design flexhose installation to avoi o
abrasive contact with adjacent structure or noving parts. Rigid
supports shall not be used on flexhose.
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_ 6.1.12.2 m.tnmm_nuﬁm Design flexhose
installation which are sit feet long or greater so that
restraint is provided on both the hose and adjacent structure at
no greater than air-foot intervals and at each endto prevent
whi plash in the event O a burst. Restraining deviceé Shall be
designed and denonstrated to contain a force nof leas than 1.5
openline pressure force. (Bee Table |V) The design safety
factor 6hall be not leas than 2.  Sand or shot bags pl aced on
top of flexible hose is not am acceptable restral n?. Do not use
hose clanp type restraining devices.

6.1.12. 3 rénhg.u_s_tuu Design £lexhose i natrll ationa
that shall not produce stress orstrain of any nature in the
hard |ines orconponents. Include Stresses induced because of

di nensi onal changes caused by pressure ortenperature )
variations, or torque forcesi nduced in the flexhose. .

_ 6.1.12. 4 . lenporary
installations using chal ns orcables anchored to substantial
fixed points, lead ingots or other Wei ghts, areacceptable
roviding they meet fhe requirementsofparagraph 6.1.12.1.
rotect flerhoae from kinki n%] or abrasive chafing from the
restraining device or damagefromadjacent structure or noving
parts that Tmay cause reduction in ‘strength.

TABLE |V. open Line ForcecCalculationFactor

X

! CALCULATED FORCE FACTOR FOR
DI AVETER OPENING t EACH PSI" OF SOURCE PRESSURE
(INCH) (LB)
1/8
1/4 0. 16506 0. 2832
3/8
1/2 | 03814 0.47%
5/8 0. 5777
374 0.6759
7/8 0.7741
1 0.0723
NOTE: To calculate the force acting on line openi ngi,
sel ect applicable dianmeter and nultiply righthand
colum by the source pressure (psi).
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6.2 HYDRAULIC SYSTEM REQUIREMENTS

6.2.1 Hydraulic System Components

. 6.2.1.1 . Wien the system pressure
profile is indetermnate; performsafety tests 6t pressure no
lower t han 67 percent of the nmaxi mum al [owabl e warking greuure
for conponent 6 rated up to 3000 psig and no | ower than 38
percent of the maxinum al |l owabl e working pressure for components
rated above 3000 psig.

6.2.1.1. 1 %sz?ﬂk_ﬁﬁ,c.th% Belect conponent6 which
are conpatible with and rated for the viscosity of the hydraulic
fluid to be used.

6.2.1.2 cgmnng. cling capability for safety critical
conponent 6 shall De not les(%/ thar%1 400% of the total nur){ber of

expected cycles, including system tests, but not |ess than 2000
cycles. For service above a tenperature of 160*F,an additi onal
cycli Qg capability equivalent to the aboveshall be required as
d Zaximum.

6.2.1.3 . Safety critical hydraulic? actuators
shtall have positive nechanical stop6 at the extrzwesof safe
not i on.

6.2.1. 4 . Hydraulic fluid reservoirs and
g:.7.o» tanks Sha e equl pped wWth shutoff valves, operable

from a relatively safe location in the event of a hydraulic
system energency.

6.2.1.5 Yﬁléﬂm-ﬁmﬂs M, not use shuttle valve6 in
Safety critical hydraulic systems where the event O a force
bal ance on both inlet port6 may occur, thu6 causing the shuttle
valve to restrict flow fromthe outlet port.

6.2.1.6 z_?fg__%gmm;_mmﬁg Wiere system | eakage can
exdpose hydraulic tlurd to potential ignition "sources or is
adjacent to a potential fire zone and the possibility of flane
ﬂ'opa ation exists, fire resistant or flane proof hydraulic

urd shall be used.

6.2.1. 7 Accumulators. .t/draulic systens incorporating
accumulators shall Dbe interlocked toO either vent orisolate
accunul ator fluid pressure when power is shutoff.

.. 6.2.1.8 i po not use ad?t_xstahle
orifice restrictor valve6 In safety' critical hydraulic systems.
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6.2.1.9 Lock Val ves.

a. Wen two or nore hydraulic actuators are mechanically
tied to§ether, only one |ock valve shall be used to
hydraul Lcally |ock all the actuators.

b. Do not use hydraulic lock valves for safety critica
| ockup periods likely to involve extrene tenperature
changes, unless fluid expansion and contraction
effects are safely accounted for.

6.2.1.10 Hydraulic Reservoir. Wenever possible, the
thraullc reservoir should be Tocated at the highest point in
the system If this is not possible in safety critical systems,
procedures must be developed to detect air in actuators or other
safety critical conmponents and to assure that the systemis
properly bled prior to each use.

_ 6.2.2 Pressure Limts. Hydraulic systems installations
wll be limted to a maximum pressure of 15,000 psig.

NOTE

There is no intent to restrain devel opment of systens
capabl e of higher Bressures, however, the enpl oynent of
such systens nust be preceded by conplete devel opnent and
qual i fication that include6 appropriate safety tests.

6.2.3 Cavitation,
6.2.3.1 Inlet Pressure. Specify the inlet pressure of

h¥drauliq punps in safefy critical systens to prevent cavitation
effects in the punp passages oroutlets.

6.2.3.2 Fluid Colum. Safety critical hydraulic systens
shal | have positive profectron against breaking the fluid colum
in the suction |line during standby.

6.2.4 Redundancy. Hydraulic systems for prinmary flight
control of nanmed vehicles shall have redundant features for al
maj or aspects of operation and control and be essentially
I ndependent of systens non-critical to safety.

NOTE

Provision may be made for a safety critical systemto
draw power from a non-critical system provided that no
single failure can cause loss of both systems because of
this connection.
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6.2.5 Hydraulic Lockup.

- 6.2.5.1 Energency Disengage. Hydraulic systens that
provi de for manual takeover shall automatically disengage or

al | ow by-gass of the main hydraulic system upon the act of
manual {fakeover.

6.2.5.2 Energency By-Pass.

a. Safety critical hydraulic systens or alternate
by- pass systens provided for safety shall not be
rendered 1 noperative because of back pressure under
any set of conditions.

b. Design the systemso that a hydraulic lock resulting
from an unplanned di sconnection of a self-seating
coupling or other conponent shall not cause damage to
the systemor to adjacent property, or injury to
personnel .

6.2.6 Hydraulic System Pressure Relief

06.2.6.1 Punp Pressure Relief. Hydraulic systens
enpl oyi ng power operated punps shall include a pressure
regul ating device and an 1 ndependent safety relief valve.

. 6.2.6.2 Thernal Pressure Relief. Thermal expansion
relief valves shalT ve installlead as necessary to prevent syst
damage from thermal expansion of hydraulic fluid, as in the
event of gross overheating. Internal valve |eakage not be
considered an acceptable nmethod of providing thermal relief.
Thermal relief valve setting shall not exceed 150 psi above the
val ue for systemrelief valve setting. Vents shall outlet only
to areas of relative safety fromfire hazard. Hydraulic
bl ow-out fuses (soft plugs) shall not be used in systens having
t enper at ures above 160°F.

6.2.6.3 Location. Pressure relief valves shall be
| ocated in hydraulTC SyStenms wherever necessary to assure that
the pressure in any part of a power systemshall not exceed the

safe limt above the regulated pressure of the system
6.3 PNEUMATIC SYSTEMS REQUI REMENTS
6.3.1 Pneumatic System Conponents.

6.3.1.1 Conponent Integrity. Pneunatic conponents
(other than tanksS) Tor saZzty critical systenms shall exhibit
saf e endurance agai nst hazardous failure nodes for not |ess than
400% of the total nunber of expected cycles including system
test. Pneumatic ground squort energenﬁy syst em conponent s
shal | have safe endurance of a m ninmum of 5000 cycl es.
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6. 3. 1. 2 configuration - The configuration of pneumatic
conponents shal | permit bl eeding of entrapped noisture
| ubricants, particulate material, orotherforeign matter

hazardous to this system.

6.3.1. 3 Compressors. Select conpressors which are
designed to sustain not less than 2.5 X delivery pressure, after
al l owance for loss ofstrength ofthe material s equivalent to
not less than that caused by 1000 hours aging st 275'F.

6.3.1.4 Actuators. Safety critical pneumatic actuators
shglil have positive nechanical stops at the extremes of safe
motion,

.. 6.3.1,5 adjustable orifice Restrictors Adjustahle' 4
orifice restrictor valves shall not be used in-safety eritical
pneunatic systens. SRR

6. 3.2 Controls.

_ 6.3.2.1 Manual Takeover. Provide for automatic

di senPa?enent or by-pass for pneumatic systens that provide .for
manual takeover in'the event of a hazardous situation. Provide
positive indication ofdi sengagenent.

Cust odi an: Preparing Activity:
Air Force - 19 AT Force - 19
(Project |unmber SAFT-F002)

Revi ew Activity:
Arny - AR
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